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(57) A semiconductor laser device (10) includes a 
resonant cavity (1 2) in which a quantum well active layer 
(11) made up of barrier layers of gallium nitride and well 
layers of indium gallium nitride is vertically sandwiched 
between at least light guide layers of n- and p-type alu- 
minum gallium nitride. An end facet reflective film (13) 
is formed on a reflective end facet (10b) opposite to a 
light-emitting end facet (1 0a) in the resonant cavity (12). 
The end facet reflective film (13) has a structure includ- 
ing a plurality of unit reflective films (1 30), each of which 
is made up of a low-refractive-index film (13a) of silicon 
dioxide and a high-refractive-index film (1 3b) of niobium 
oxide. The low-and high-refractive-index films are de- 
posited in this order on the end facet of the resonant 
cavity (12). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a semiconduc- 5 
tor laser device expectedly applicable to the field of op- 
tical information processing, a method for fabricating the 
device, and an optical disk apparatus in which the sem- 
iconductor laser device is used for its light-emitting por- 
tion. 

BACKGROUND ART 

[0002] In general, an end facet reflective film is pro- 
vided on an end facet of the laser light resonant cavity 
of a semiconductor laser device. Particularly, a reflective 
end facet, which is a rear end facet opposite to the laser- 
light-emitting facet, should have a high reflectance. 
Thus, an end facet reflective film with a high reflectance 
is formed by alternately stacking low- and high-refrac- 
tive-index films having thicknesses of X/4r\^ and X/4n 2 , 
respectively, where X is an oscillation wavelength of the 
laser light, n 1 is a refractive index at the low-refractive- 
index film at the wavelength of X, and n 2 is a refractive 
index of the high-refractive-index film at the wavelength 
ofX. 

[0003] Each of the low- and high-refractive-index films 
making up the end facet reflective film should have a 
sufficiently small absorption coefficient at the wave- 
length of the laser light. Thus, silicon dioxide (Si0 2 ) or 
aluminum oxide (Al 2 0 3 ), each of which has a small ab- 
sorption coefficient in a wide range covering visible to 
ultraviolet light parts of the spectrum, is used for the low- 
refractive-index films in the end facet reflective film. On 
the other hand, various dielectric materials are usable 
for the high-refractive-index film in the end facet reflec- 
tive film depending on the wavelength of the laser light. 
[0004] For example, in an infrared or red-light-emit- 
ting semiconductor laser device of aluminum gallium ar- 
senide (AlGaAs) that outputs a laser beam with a wave- 
length of about 780 nm, amorphous silicon (a -Si) is 
used for the high-refractive-index films of the device. In 
this case, the absorption coefficient of amorphous sili- 
con to light with a wavelength of 780 nm is 4 x 1 0 4 cm- 1 . 
[0005] Exemplary applications of this infrared or red- 
light-emitting semiconductor laser device to the field of 
optical disk apparatuses include a laser device for a 4x 
CD-R (CD-recordable), on which data can be written on- 
ly once four times faster than normal speed. In the laser 
device for the 4x CD-R, a multiple pairs of silicon dioxide 
and amorphous silicon films are stacked as an end facet 
reflective film for the rear end facet. For example, if the 
end facet reflective film is made up of two pairs (cycles) 
of silicon dioxide and amorphous silicon films, the re- 
flectance can be 95%. 

[0006] By using this end facet reflective film, a laser 
device for a 4x CD-R can have an optical output of 100 
mW in a pulsed drive mode at a duty cycle of 50% or 80 



mW in a continuous-wave (CW) drive mode. 
[0007] On the other hand, titanium oxide (Ti0 2 ) is 
used instead of amorphous silicon for the high-refrac- 
tive-index films of a red-light-emitting semiconductor la- 
ser device of aluminum gallium indium phosphide (Al- 
GalnP) that outputs a laser beam with a wavelength of 
about 650 nm. Amorphous silicon is not used because 
of the following reason. If amorphous silicon was used 
for the end facet reflective film, light absorbed into the 
amorphous silicon layer would increase because the ab- 
sorption coefficient of amorphous silicon to light with a 
wavelength of around 650 nm is high. Due to a rise in 
temperature caused by this light absorption, the crystal- 
linity of the laser device in the vicinity of the resonant 
cavity end facet thereof deteriorates, and thus the reli- 
ability of the device declines. 

[0008] In view of this, titanium oxide, having a refrac- 
tive index sufficiently higher than that of silicon dioxide 
and an absorption coefficient lower than that of amor- 
phous silicon, is used for the end facet reflective film of 
the red-light-emitting semiconductor laser device with a 
wavelength of about 650 nm. The absorption coefficient 
of amorphous silicon to light with a wavelength of 650 
nm is 1 x 10 5 cm- 1 , while the absorption coefficient of ti- 
tanium oxide to light with a wavelength of 650 nm is 2 
cm -1 . 

[0009] Also, in a violet-light-emitting semiconductor 
laser device with an oscillation wavelength of about 400 
nm, which has now been developed, a stacked structure 
made up of silicon dioxide and titanium oxide films is 
used as an end facet reflective film. For example, a sem- 
iconductor laser device of aluminum indium gallium ni- 
tride (AllnGaN) in which a stack of silicon dioxide and 
titanium oxide films is used as the end facet reflective 
film was reported in Jpn. J. Appl. Phys. Vol. 38 (1999) 
pp. L184-L186. The absorption coefficient of titanium 
oxide to light with a wavelength of 400 nm is 2400 cm- 1 . 
[001 0] Recently, a semiconductor laser device for an 
optical disk apparatus has to increase its output power 
to speed up a recording operation on an optical disk and 
to decrease its wavelength to increase the recording 
density. 

[0011] However, there is a problem that neither the 
known end facet reflective film as a stack of silicon di- 
oxide and amorphous silicon films for the infrared or red- 
light-emitting semiconductor laser device with an oscil- 
lation wavelength of about 780 nm nor the known end 
facet reflective film as a stack of silicon dioxide and ti- 
tanium oxide films for the red-light-emitting semiconduc- 
tor laser device with an oscillation wavelength of about 
650 nm can meet the demand of increasing the output 
power of laser devices. 

[001 2] Further, there is another problem that the end 
facet reflective film as a stack of silicon dioxide and ti- 
tanium oxide films for the violet-light-emitting semicon- 
ductor laser device with an oscillation wavelength of 
about 400 nm cannot meet the demand of decreasing 
the wavelength of laser devices. 
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[0013] This is because the light, emitted from these 
semiconductor (aser device, is absorbed into the high- 
refractive-index film at an insufficiently small coefficient. 
Accordingly, if any of these laser devices increases its 
output power, the temperature rises markedly due to the 
increase in the amount of light absorbed into the high- 
refractive-index film. As a result, the crystallinity of the 
semiconductor laser devices deteriorates especially in 
part of the active region near the resonant cavity end 
facet thereof. 

[0014] In the same way, if a laser device should have 
an oscillation wavelength as short as 400 nm or less, it 
is difficult to operate the device properly with a known 
end facet reflective film as a stacked structure including 
silicon dioxide. This is because the absorption coeffi- 
cient of titanium oxide increases greatly at those short 
wavelengths. 

DISCLOSURE OF INVENTION 

[001 5] It is therefore an object of the present invention 
to solve these problems of the prior art and obtain an 
end facet reflective film that can meet the demand of 
increasing the output power, or decreasing the wave- 
length, of semiconductor laser devices. 
[001 6] To achieve this object, according to the present 
invention, niobium oxide (Nb 2 0 5 ) is used for a high-re- 
fractive-index film in an end facet reflective film for a 
semiconductor laser device. 

[001 7] Specifically, a first inventive semiconductor la- 
ser device includes: a resonant cavity made up of a plu- 
rality of semiconductor layers; and a reflective film, 
which contains niobium oxide and is formed on an end 
facet of the resonant cavity. 

[0018] In the first semiconductor laser device, the re- 
flective film formed on the end facet of the resonant cav- 
ity contains, for example, niobium oxide having a light 
absorption coefficient smaller than that of titanium ox- 
ide. Thus, a smaller quantity of laser light is absorbed 
thereto compared to titanium oxide, and a rise in tem- 
perature of the reflective film is suppressed. As a result, 
it is possible to prevent the crystal structure of the sem- 
iconductor layers from deteriorating in the vicinity of the 
end facet of the resonant cavity, and the laser device 
can increase its output power or decrease its wave- 
length. 

[0019] A second inventive semiconductor laser de- 
vice includes: a resonant cavity made up of a plurality 
of semiconductor layers; and a reflective film, which is 
formed on an end facet of the resonant cavity and in- 
cludes a first dielectric layer and a second dielectric lay- 
er having a refractive index greater than that of the first 
dielectric layer. The second dielectric layer is made of 
niobium oxide. 

[0020] The second semiconductor laser device 
achieves the same effects as those of the first semicon- 
ductor laser device. In addition, the reflective film is 
made up of the high-refractive-index film of niobium ox- 



ide and the first dielectric layer with a refractive index 
smaller than that of niobium oxide. Thus, the reflectance 
can be increased as intended. 
[0021] A third inventive semiconductor laser device 

5 includes: a resonant cavity made up of a plurality of sem- 
iconductor layers; and a reflective film, which is formed 
on an end facet of the resonant cavity by alternately 
stacking first and second dielectric layers. Each of the 
second dielectric layers has a refractive index greater 

10 than that of the first dielectric layers. At least one of the 
second dielectric layers, which is closest to the end facet 
of the resonant cavity, is made of niobium oxide. 
[0022] In the third semiconductor laser device, the re- 
flective films of the second semiconductor laser device 

15 are stacked a number of times. Accordingly, the reflect- 
ance further increases. Moreover, in a laser device with 
an oscillation wavelength belonging to the red part of 
the spectrum, a dielectric with a refractive index greater 
than that of niobium oxide, e.g., titanium oxide, may be 

20 used for the second dielectric layer located on the other 
side of the reflective film that is opposite to the end facet 
of the resonant cavity, i.e., the outermost second dielec- 
tric layer. Then, it is possible to increase the reflectance 
of the reflective film because the absorption coefficient 

25 of titanium oxide is not so high, either, in the red part of 
the spectrum. 

[0023] In the second or third semiconductor laser de- 
vice, the first dielectric layer is preferably made of silicon 
dioxide or aluminum oxide. 

30 [0024] In the first through third semiconductor laser 
devices, the resonant cavity preferably has an oscilla- 
tion wavelength of about 400 nm or less. 
[0025] In the first through third semiconductor laser 
devices, the semiconductor layers are preferably made 

35 of Group lll-V nitride semiconductors. 

[0026] A first inventive method for fabricating a sem- 
iconductor laser device includes the steps of: forming a 
resonant cavity structure by sequentially depositing a 
plurality of semiconductor layers on a substrate; expos- 

to ing an end facet of a resonant cavity on the semicon- 
ductor layers by cleaving or etching the substrate on 
which the semiconductor layers have been deposited; 
and forming a reflective film containing niobium oxide 
on the exposed end facet of the resonant cavity. 

45 [0027] According to the first method for fabricating a 
semiconductor laser device, by cleaving or etching a 
substrate on which a plurality of semiconductor layers 
have been deposited, the end facet of a resonant cavity 
is exposed on the semiconductor layers and a reflective 

50 film containing niobium oxide is formed on the exposed 
end facet of the resonant cavity. In this manner, the first 
inventive semiconductor laser device is formed. 
[0028] In the first method for fabricating a semicon- 
ductor laser device, the step of forming the reflective film 

55 preferably includes the step of forming the reflective film 
as a multilayer structure including a first dielectric layer 
with a refractive index smaller than that of niobium oxide 
and a second dielectric layer of niobium oxide. Then, 
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the second or third inventive semiconductor laser device 
is formed. 

[0029] In the first method for fabricating a semicon- 
ductor laser device, the reflective film is preferably 
formed by a sputtering process or a reactive sputtering 
process. 

[0030] In the first method for fabricating a semicon- 
ductor laser device, the semiconductor layers are pref- 
erably made of Group lll-V nitride semiconductors. 
[0031 ] An inventive optical disk apparatus includes: a 
light-emitter including a semiconductor laser device; a 
condensing optical system that condenses laser light 
emitted from the light-emitter on a storage medium on 
which data has been recorded; and a photodetectorthat 
detects part of the laser light that has been reflected 
from the storage medium. The semiconductor laser de- 
vice includes: a resonant cavity made up of a plurality 
of semiconductor layers; and a reflective film, which 
contains niobium oxide and is formed on an end facet 
of the resonant cavity. 

[0032] In the inventive optical disk apparatus, the 
semiconductor laser device as the light-emitter includes 
the reflective film that contains niobium oxide and is 
formed on the end facet of the resonant cavity. Accord- 
ingly, the light-emitter can cope with the demand of in- 
creasing the output power, or decreasing the wave- 
length, of the semiconductor laser device. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] 

FIG. 1 is a perspective view showing a violet-light- 
emitting semiconductor laser device according to a 
first embodiment of the present invention. 
FIG. 2 is a schematic view showing how to make 
the reflective end facet of the violet-light-emitting 
semiconductor laser device according to the first 
embodiment of the present invention. 
FIGS. 3(a) and 3(b) show the wavelength depend- 
ence of a high-refractive-index film in an end facet 
reflective film for the violet-light-emitting laser de- 
vice according to the first embodiment of the 
present invention: FIG. 3(a) is a graph showing the 
light absorption coefficient thereof; and FIG. 3(b) is 
a graph showing the refractive index thereof. 
FIG. 4 is a graph showing how the reflectance of 
the end facet reflective film of the violet-light-emit- 
ting semiconductor laser device according to the 
first embodiment of the present invention to light 
with a wavelength of 400 nm changes depending 
on the thickness thereof. 

FIG. 5 is a perspective view showing an infrared- or 
red-light-emitting semiconductor laser device ac- 
cording to a second embodiment of the present in- 
vention. 

FIG. 6 is a schematic representation showing an ar- 
rangement for an optical disk apparatus according 



6 

to a third embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 EMBODIMENT 1 

[0034] A first embodiment of the present invention will 
be described with reference to the drawings. 
[0035] FIG. 1 shows a semiconductor laser device ac- 
cording to the first embodiment of the present invention, 
which is a violet-light-emitting semiconductor laser de- 
vice with an oscillation wavelength of about 400 nm. 
[0036] As shown in FIG. 1, the semiconductor laser 
device 1 0 includes a resonant cavity 1 2 in which a quan- 
tum well active layer 1 1 made up of barrier layers of gal- 
lium nitride (GaN), for example, and well layers of indium 
gallium nitride (In-GaN), for example, is vertically sand- 
wiched between at least light guide layers of n- and p~ 
type aluminum gallium nitride (AIGaN), for example. 
[0037] An end facet reflective film 13 is formed on a 
reflective end facet 10b opposite to a light-emitting end 
facet 10a for laser light 100 in the resonant cavity 12. 
[0038] The end facet reflective film 1 3 has a structure 
including a plurality of unit reflective films 130, each of 
which is made up of a low-refractive-index film 13a of 
silicon dioxide (Si0 2 ) as a first dielectric layer and a 
high-refractive-index film 13b of niobium oxide (Nb 2 0 5 ) 
as a second dielectric layer. The low- and high-refrac- 
tive-index films 13a and 13b are deposited in this order 
on the end facet of the resonant cavity 12. 
[0039] The thicknesses of the low- and high-refrac- 
tive-index films 13a and 13b and the number of unit re- 
flective films 130 can be set to respective appropriate 
values according to the specifications of the semicon- 
ductor laser device. For example, if three pairs of unit 
reflective films 130, each of which is made up of silicon 
dioxide and niobium oxide films having thicknesses of 
about 68 nm and about 40 nm, respectively, are formed, 
the end facet reflective film 1 3 can have a reflectance 
of about 93.9%. 

[0040] In this case, even if titanium oxide (Ti0 2 ) is 
used for the high-refractive-index film 1 3b as a reflective 
film for laser light with an oscillation wavelength of about 
400 nm as in the know method, the resultant reflectance 
can be substantially equal to that obtained by niobium 
oxide. 

[0041] However, in the first embodiment, niobium ox- 
ide is used for the high-refractive-index film 13b of the 
end facet reflective film 13, and the light absorption co- 
efficient of niobium oxide is lower than that of titanium 
oxide. Thus, a rise in temperature in the vicinity of the 
end facet of the resonant cavity 12 can be suppressed. 
As a result, the crystallinity of the quantum well active 
layer 1 1 and the surrounding portions thereof is less like- 
ly to deteriorate, and the semiconductor laser device 
can increase its output power. The active layer has a 
quantum well structure in the illustrated embodiment but 
does not have to do so. 
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[0042] Further, the first embodiment is effective not 
only in increasing its output power but also in decreasing 
its oscillation wavelength to as short as 400 nm or less 
belonging to the ultraviolet light part of the spectrum. 
Specifically, if the unit reflective films 130 of silicon di- 
oxide and titanium oxide are used for an end facet re- 
flective film 13 for an ultraviolet-light-emitting semicon- 
ductor laser device, the device will be degraded due to 
the absorption of light into titanium oxide. In contrast, in 
the first embodiment, the light absorption coefficient of 
niobium oxide is smaller than that of titanium oxide even 
in the ultraviolet light part of the spectrum. Accordingly, 
degradation of the device because of the decreased 
wavelength can be suppressed. 
[0043] The niobium oxide film also serves as a passi- 
vation film preventing water, hydrogen, or the like, from 
externally penetrating and diffusing into the laser de- 
vice. A Group lll-V nitride semiconductor, which is a 
semiconductor material expectedly applicable to emit- 
ting violet light with an oscillation wavelength of about 
400 nm, tends to have its electrical properties deterio- 
rated by hydrogen, in particular, by nature. However, in 
the semiconductor laser device according to this em- 
bodiment, one of the resonant cavity end facets is cov- 
ered with niobium oxide that prevents the penetration of 
hydrogen. Thus, it is possible to prevent the degradation 
of the device due to the diffusion of extraneous impuri- 
ties such as hydrogen. 

[0044] Hereinafter, a method for fabricating a semi- 
conductor laser device having this structure will be de- 
scribed with reference to the drawings. 
[0045] FIG. 2 schematically shows a method for fab- 
ricating a semiconductor laser device according to the 
first embodiment of the present invention, which is a 
method for forming an end facet reflective film by a sput- 
tering process. In this case, a magnetron sputtering sys- 
tem, for example, may be used as a sputtering deposi- 
tion system. 

[0046] First, a schematic structure of the deposition 
system will be described. 

[0047] As shown in FIG. 2, the magnetron sputtering 
system 20 includes a deposition chamber 23. The 
chamber 23 has: a gas inlet port 21 in the upper part of 
a wall thereof; and an outlet port 22 in the lower part of 
another wall thereof so that the port 22 faces the gas 
inlet port 21. 

[0048] An anode 24 is disposed on the bottom of the 
deposition chamber 23, and a laser device prototype 
10A, on which the reflective film should be deposited, is 
mounted on the anode 24 with the reflective end facets 
of the resonant cavities 12 facing upward. In this case, 
the laser device prototype 1 0A is a striped semiconduc- 
tor wafer in which multiple resonant cavities 12 have 
been formed. And the laser device prototype 10A has 
been cleaved in a direction substantially vertical to the 
length of the resonant cavities to expose the reflective 
end facets 10b. 

[0049] A plate magnetron electrode 26, on which a 



plate target member 25 of niobium oxide (Nb 2 0 5 ) is 
placed to face the anode 24, is disposed on the ceiling 
of the deposition chamber 23. Thus, the exposed reflec- 
tive end facets 10b of the laser device prototype 10A 

5 face the target member 25. 

[0050] Next, a deposition method will be described. 
[0051] First, a plasma generating gas, containing ar- 
gon (Ar) as a main component, is introduced through 
the gas inlet port 21 into the deposition chamber 23, with 

10 a reduced pressure. Then, a radio frequency power is 
applied to the target member 25 to generate a plasma 
in the vicinity of the surface of the target member 25. At 
this time, the surface of the target member 25 is sub- 
jected to sputtering by argon ions colliding against the 

15 target member 25. As a result, a dielectric film is depos- 
ited on the reflective end facets 10b of the laser device 
prototype 10A placed on the anode 24. In the first em- 
bodiment, three pairs of unit reflective films 130 made 
up of the low- and high-refractive-index films 13a and 

20 13b of silicon dioxide and niobium oxide, respectively, 
are formed, for example. 

[0052] The low-refractive-index film 13b is deposited 
by a reactive sputtering process using silicon (Si) for the 
target member 25, argon (Ar) for plasma generating 
25 gas, and oxygen (0 2 ) for the reactive gas. 

[0053] On the other hand, where the high-refractive- 
index film 13b is deposited by subjecting the target 
member 25 of niobium oxide to sputtering using argon 
ions, the mole fraction of oxygen in the niobium oxide 
30 film deposited is likely lower than that defined by stoi- 
chiometry. Accordingly, to prevent this deficiency of ox- 
ygen in niobium oxide, an oxygen gas is preferably in- 
troduced along with the argon gas during the deposition 
process. 

35 [0054] In this embodiment, the flow rate of argon sup- 
plied is set to about 10 seem (standard cubic centimeter 
per minute) and the flow rate of oxygen supplied is set 
to about 40 seem. In addition, the pressure inside the 
deposition chamber 23 is set to about 0.1 Pa and the 
radio frequency power is set to about 1 kW during the 
deposition process. On these conditions, a high-refrac- 
tive-index film 1 3b of niobium oxide can be deposited at 
a deposition rate of about 8 nm/min with substantially 
no oxygen deficiency produced. 
45 [0055] Niobium oxide is used for the target member 
25 to deposit the high-refractive-index film 1 3b. Alterna- 
tively, the film may be deposited by a reactive sputtering 
process using metal niobium (Nb) for the target member 
25 and an oxygen gas as a reactive gas. 
50 [0056] Further, the end facet reflective film 1 3 is pref- 
erably deposited in vacuo throughout the process to pre- 
vent the contamination of the interface between the low- 
and high-refractive-index films 13a and 13b of silicon 
dioxide and niobium oxide, respectively. For this pur- 
55 pose, it is preferable to use a sputtering system with a 
multi-chamber structure including two deposition cham- 
bers for silicon dioxide and niobium oxide, respectively, 
or a sputtering system with a multi-source structure in 
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which source materials for silicon dioxide and niobium 
oxide, are prepared in one deposition chamber. 
[0057] As described above, a dielectric film with a low 
absorption coefficient and a high refractive index can be 
deposited relatively easily by using niobium oxide 
(Nb 2 0 5 ). Thus, this material is easily applicable not only 
to the violet-light-emitting semiconductor laser device 
but also to laser devices, e.g., a red-light-emitting sem- 
iconductor laser device, that emit laser light in other 
wavelength parts of the spectrum. 
[0058] FIGS. 3(a) and 3(b) show results of evalua- 
tions that were obtained using a spectroscopic ellipsom- 
etry. Specifically, FIGS. 3(a) and 3(b) illustrate the wave- 
length distributions of light absorption coefficient and re- 
fractive index for the high-refractive-index film of nio- 
bium oxide according to the first embodiment and a 
comparative high-refractive-index film of titanium oxide 
deposited by a reactive sputtering process. 
[0059] As shown in FIG. 3(a), as the wavelength de- 
creases the absorption coefficient of niobium oxide, in- 
dicated by the solid line, increases monotonically but is 
much smaller than that of titanium oxide as indicated by 
the broken line. Comparing the absorption coefficients 
thereof at a wavelength of, e.g., 400 nm, it can be seen 
that the absorption coefficient of titanium oxide is 2400 
cm- 1 while that of niobium oxide is 109 cm- 1 . 
[0060] On the other hand, as the wavelength decreas- 
es the refractive index of niobium oxide increases mo- 
notonically as shown in FIG. 3(b) but is somewhat small- 
er than that of titanium oxide. As can be seen, titanium 
oxide has a greater refractive index than that of niobium 
oxide. Comparing the refractive indexes thereof at a 
wavelength of, e.g., 400 nm, the refractive index of tita- 
nium oxide is 2.95 while that of niobium oxide is 2.52. 
[0061] In general, a laser device deteriorates non- 
negligibly due to light absorption in a situation where the 
light absorption coefficient is 10 3 cm- 1 to 10 4 cm -1 or 
more. Supposing a wavelength range corresponding to 
a light absorption coefficient of 10 4 cm -1 or less is appli- 
cable to a material for the end facet reflective film 13, 
titanium oxide cannot cope with various wavelengths of 
about 370 nm or less but niobium oxide can cope with 
various wavelengths no shorter than to about 340 nm. 
[0062] As shown in FIG. 3(b), the refractive index of 
niobium oxide is somewhat smaller than that of titanium 
oxide but sufficiently greater than that of silicon dioxide 
(Si0 2 ) for the low-refractive-index film 13a. Thus, by us- 
ing the unit reflective films 130 each made up of silicon 
dioxide and niobium oxide films, the end facet reflective 
film 13 can obtain a sufficiently high reflectance. 
[0063] FIG. 4 shows how the reflectance of the end 
facet reflective film of the semiconductor laser device 
according to the first embodiment to the light with a 
wavelength of 400 nm changes depending on the thick- 
ness thereof. In this case, three pairs of unit reflective 
films 1 30, each of which is made up of the low-refractive- 
index film 1 3a of silicon dioxide with a thickness of about 
68 nm determined by TJAn, and the high-refractive-in- 



dex film 13b of niobium oxide with a thickness of about 
40 nm determined by A/4n 2 , are stacked, thereby ob- 
taining the end facet reflective film 13 with a reflectance 
of about 93.9 %, where X is 400 nm, n 1 is the refractive 
5 index of silicon dioxide at the wavelength of 400 nm, and 
n 2 is the refractive index of niobium oxide at the wave- 
length of 400 nm. 

[0064] In the first embodiment, a magnetron sputter- 
ing system is used in a deposition process for the nio- 

10 bium oxide film. Alternatively, ECR, radio frequency or 
helicon sputtering systems may also be used. 
[0065] If the unit reflective film 130, made up of the 
low- and high-refractive-index films 13a and 13b, has 
had one of its low-refractive-index films 13a formed on 

*5 the end facet, a difference in refractive index will be 
caused between the low-refractive-index film 13a and a 
semiconductor layer in contact with the film 13a. As a 
result, the reflectance of the unit reflective film 130 in- 
creases. However, although the reflectance decreases 

20 one of the high-refractive-index films 1 3b may provided 
on the end facet, or each of the innermost and outermost 
unit reflective films 130 may terminate with just one of 
the two types of films, i.e., the low- or high-refractive- 
index films 13a or 13b may be provided as innermost 

25 and outermost films. Even so, the effects of the present 
invention will not be lost. 

[0066] Further, silicon dioxide is used for the low-re- 
fractive-index film 13a. Alternatively, aluminum oxide 
(Al 2 0 3 ) may be used. 
30 [0067] Furthermore, a silicon dioxide or aluminum ox- 
ide film with a low refractive index may also be provided 
as a passivation film on the light-emitting end facet 10a 
of the resonant cavity 12, i.e., opposite to the reflective 
end facet 10b. 

35 [0068] In addition, a Group III - V nitride semiconduc- 
tor, containing gallium nitride as a main component, is 
used as a semiconductor material for the violet-light- 
emitting semiconductor laser device with an oscillation 
wavelength of about 400 nm. Alternatively, any of Group 

40 n-VI compound semiconductors such as zinc selenide 
(ZnSe), zinc sulfide (ZnS) and zinc oxide (ZnO) may al- 
so be used. 

EMBODIMENT 2 

45 

[0069] Hereinafter, a second embodiment of the 
present invention will be described. 
[0070] In the first embodiment described above, nio- 
bium oxide is used for the high-refractive-index film that 

so can cope with the demand for decreased wavelength. 
On the other hand, the second embodiment is adapted 
to cope with the demand for increasing the output power 
of a semiconductor laser device with a long oscillation 
wavelength covering infrared to red parts of the spec- 

55 trum. 

[0071] For example, a laser device for a 16x CD-R, 
on which data can be written only once sixteen times 
faster than normal speed, should have an optica! output 
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of 1 50 mW in a pulsed drive mode at a duty cycle of 50% 
and 110 mW in a CW drive mode. Thus, the known end 
facet reflective film, which is made up of a low-refractive- 
index film of silicon dioxide and a high-refractive-index 
film of amorphous silicon, cannot attain sufficient relia- 5 
bility. 

[0072] In view of this, in the second embodiment, first 
and second dielectric layers for an end facet reflective 
film are made of silicon dioxide (Si0 2 ) and niobium oxide 
(Nb 2 0 5 ), respectively, thereby ensuring long-term relia- 
bility for an infrared- or red-light-emitting semiconductor 
laser device for the 16x CD-R. 
[0073] FIG. 5 shows a semiconductor laser device ac- 
cording to the second embodiment of the present inven- 
tion, which is an infrared- or red-light-emitting semicon- 
ductor laser device with an oscillation wavelength of 
about 780 nm. 

[0074] As shown in FIG. 5, the semiconductor laser 
device 30 includes a resonant cavity 32 in which a quan- 
tum well active layer 31 made up of barrier layers of alu- 
minum gallium arsenide (AIGaAs), for example, and well 
layers of gallium arsenide (GaAs), for example, is verti- 
cally sandwiched between at least light guide layers of 
n- and p-type aluminum gallium arsenide (AIGaAs), for 
example. The active layer also has a quantum well 
structure in the second embodiment but does not have 
to do so. 

[0075] An end facet reflective film 33 is formed on a 
reflective end facet 30b opposite to a light-emitting end 
facet 30a for laser light 100 in the resonant cavity 32. 
[0076] The end facet reflective film 33 has a structure 
including a plurality of unit reflective films 330, each of 
which is made up of a low-refractive-index film 33a of 
silicon dioxide as a first dielectric layer and a high-re- 
fractive-index film 33b of niobium oxide as a second di- 
electric layer. The low- and high-refractive-index films 
33a and 33b are deposited in this order on the end facet 
of the resonant cavity 32. 

[0077] The thicknesses of the low- and high-refrac- 
tive-index films 33a and 33b and the number of unit re- 
flective films 330 can be set to respective appropriate 
values according to the specifications of the semicon- 
ductor laser device. For example, if the silicon dioxide 
and niobium oxide films for two pairs of unit reflective 
films 330 are formed to have their thicknesses deter- 
mined by X/4 1 and \IA 2 , respectively, , the end facet re- 
flective film 33 can have a reflectance of about 85%. 
[0078] According to the second embodiment, niobium 
oxide is used for the high-refractive-index film 33b of the 
end facet reflective film 33 formed on the reflective end 
facet 30b of the resonant cavity 32, and the light absorp- 
tion coefficient of niobium oxide is smaller than that of 
amorphous silicon. Thus, a rise in temperature in the 
vicinity of the end facet of the resonant cavity 33 can be 
suppressed. As a result, the crystallinity of the quantum 55 
well active layer 31 and the surrounding portions thereof 
is less likely to deteriorate, and the semiconductor laser 
device can increase its output power. 



[0079] This is because the light absorption coefficient 
of amorphous silicon to light with a wavelength of 780 
nm is 4 x 10 4 cm -1 while that of niobium oxide to light 
with a wavelength of 780 nm is substantially zero, i.e., 
1 0" 3 cm- 1 or less, and the absorption of light into the end 
facet reflective film 33 can be greatly reduced. 
[0080] As a modified example for the second embod- 
iment, amorphous silicon hydride (cc-Si:H), i.e., amor- 
phous silicon containing hydrogen, may be used instead 
of niobium oxide for the high-refractive-index film 33b in 
the second unit for the end facet reflective film 33. Then, 
the end facet reflective film 33 can have its reflectance 
increased to about 90%. 

[0081] In view of those points, to increase the output 
power of an infrared- or red-light-emitting semiconduc- 
tor laser device, niobium oxide may be used for each of 
the high-refractive-index films 33b in the two pairs of unit 
reflective films 330, and the end facet reflective film 33 
may be made up of three or more pairs of unit reflective 
films 330. 

[0082] Where the output power does not have to be 
so high, (e.g., in a laser device for a 4x CD-R) a dielec- 
tric, having a refractive index greater than that of nio- 
bium oxide, may be used for the outer high-refractive- 
index films 33b in all unit reflective films 330, other than 
the first unit on the reflective end facet 30b, to obtain a 
high reflectance at a predetermined amount of current 
injected. 



[0083] Hereinafter, a third embodiment of the present 
invention will be described with reference to the draw- 
ing. 

[0084] FIG. 6 schematically shows an arrangement 
for an optical disk apparatus according to the third em- 
bodiment of the present invention. In FIG. 6, in the op- 
tical disk apparatus according to the third embodiment, 
the semiconductor laser device of the present invention, 
i.e., the violet-light-emitting semiconductor laser device 
according to the first embodiment, is used as a light- 
emitter 41 of the optical disk apparatus. 
[0085] As shown in FIG. 6, in the optical disk appara- 
tus, the light-emitting end facet of the semiconductor la- 
ser device as the light-emitter 41 and the data-retaining 
surface of the optical disk 50 as a storage medium, on 
which desired data has been recorded, are disposed to 
face each other. A condensing optical system 40 is 
placed between the light-emitter 41 and the optical disk 
50. 

[0086] In the condensing optical system 40, collimator 
lens 42 that changes the light 51 , emitted from the light- 
emitter 41 , into parallel light; diffraction grating 43 that 
divides the parallel light into three beams (not shown); 
half prism 44 that transmits the emitted light 51 and 
changes the optical path of the light 52 reflected from 
the optical disk 50; and condenser lens 45 that focuses 
the three beams onto the optical disk 50, are arranged 
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in this order so that the lens 42 is closest to the light- 
emitter 41 . In the illustrated embodiment, laser light with 
a wavelength of about 400 nm is used as the emitted 
light 51. 

[0087] Each of the three beams is focused onto the 
optical disk 50 is the shape of spot with a size of about 
0.4 jim. A drive circuit 46 is provided to correct the radial 
shift of the optical disk 50 by adequately moving the con- 
denser lens 45. The shift is detected based on the po- 
sitions of the three spots. 

[0088] A receiving lens 47 that condenses the reflect- 
ed light 52; cylindrical lens 48 that detects a focus error; 
and photodiode 49 as a photodetector for converting the 
condensed reflected light 52 into an electrical signal are 
arranged on the optical path of the light 52 reflected from 
the half prism 44. 

[0089] In this manner, the semiconductor laser device 
is used as the light-emitter 41 of the optical disk appa- 
ratus including: the condensing optical system 40 that 
guides the emitted-light 51 to the optical disk 50; and 
the photodiode 49 receiving the light 52 that has been 
reflected from the optical disk 50. In the laser device, 
niobium oxide, which has a light absorption coefficient 
smaller than that of amorphous silicon or titanium oxide, 
is used for the high-refractive-index film in the end facet 
reflective film formed on the end facet opposite to the 
light-emitting end facet. Thus, if the device should have 
an oscillation wavelength as short as about 400 nm or 
less, it is possible to ensure long-term reliability for the 
light-emitter 41, and eventually for the optical disk ap- 
paratus. 

[0090] As a modified example of the third embodi- 
ment, if the infrared- or red-light-emitting semiconductor 
laser device according to the second embodiment is 
used as the semiconductor laser device as the light- 
emitter 41, the apparatus realizes long-term reliability 
asa16x CD-ROM drive. 



Claims 

1. A semiconductor laser device characterized by 
comprising: 



4. A semiconductor laser device characterized by 

comprising: 

a resonant cavity made up of a plurality of sem- 

5 iconductor layers; and 

a reflective film, which is formed on an end facet 
of the resonant cavity and includes a first die- 
lectric layer and a second dielectric layer hav- 
ing a refractive index greater than that of the 

10 first dielectric layer, 

the device being characterized in that the sec- 
ond dielectric layer is made of niobium oxide. 

5. The semiconductor laser device of Claim 4, char- 
15 acterized in that the first dielectric layer is made of 

silicon dioxide or aluminum oxide. 

6. The semiconductor laser device of Claim 4, char- 
acterized in that the resonant cavity has an oscil- 

20 lation wavelength of about 400 nm or less. 

7. The semiconductor laser device of Claim 4, char- 
acterized in that the semiconductor layers are 
made of Group lll-V nitride semiconductors. 

25 

8. A semiconductor laser device characterized by 
comprising: 

a resonant cavity made up of a plurality of sem- 

30 iconductor layers; and 

a reflective film, which is formed on an end facet 
of the resonant cavity by alternately stacking 
first and second dielectric layers, each said 
second dielectric layer having a refractive index 

35 greater than that of the first dielectric layers, 

the device being characterized in that at least 
one of the second dielectric layers, which is 
closest to the end facet of the resonant cavity, 
is made of niobium oxide. 

40 

9. The semiconductor laser device of Claim 8, char- 
acterized in that the first dielectric layers are made 
of silicon dioxide or aluminum oxide. 



a resonant cavity made up of a plurality of sem- 45 
iconductor layers; and 

a reflective film, which contains niobium oxide 
and is formed on an end facet of the resonant 
cavity. 

50 

2. The semiconductor laser device of Claim 1 , char- 
acterized in that the resonant cavity has an oscil- 
lation wavelength of about 400 nm or less. 

3. The semiconductor laser device of Claim 1 , char- 55 
acterized in that the semiconductor layers are 
made of Group lll-V nitride semiconductors. 



10. The semiconductor laser device of Claim 8, char- 
acterized in that the resonant cavity has an oscil- 
lation wavelength of about 400 nm or less. 

11. The semiconductor laser device of Claim 8, char- 
acterized in that the semiconductor layers are 
made of Group lll-V nitride semiconductors. 

12. A method for fabricating a semiconductor laser de- 
vice, characterized by comprising the steps of: 

forming a resonant cavity structure by sequen- 
tially depositing a plurality of semiconductor 
layers on a substrate; 
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exposing an end facet of a resonant cavity on 
the semiconductor layers by cleaving or etching 
the substrate on which the semiconductor lay- 
ers have been deposited; and 
forming a reflective film containing niobium ox- 5 
ide on the exposed end facet of the resonant 
cavity. 

13. The method of Claim 12, characterized in that the 
step of forming the reflective film includes the step w 
of forming the reflective film as a multilayer structure 
including a first dielectric layer with a refractive in- 
dex smaller than that of niobium oxide and a second 
dielectric layer of niobium oxide. 

15 

14. The method Claim 12, characterized in that the 
reflective film is formed by a sputtering process or 
a reactive sputtering process. 

1 5. The method for Claim 12, characterized in that the 20 
semiconductor layers are made of Group lll-V ni- 
tride semiconductors. 

16. An optical disk apparatus characterized by com- 
prising: 25 

a light-emitter including a semiconductor laser 
device; 

a condensing optical system that condenses la- 
ser light emitted from the light-emitter on a stor- 30 
age medium on which data has been recorded; 
and 

a photodetector that detects part of the laser 
light that has been reflected from the storage 
medium, 35 

the laser device being characterized by in- 
cluding: 

a resonant cavity made up of a plurality of sem- 40 
iconductor layers; and 

a reflective film, which contains niobium oxide 
and is formed on an end facet of the resonant 
cavity. 

45 
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FIG. 2 
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FIG. 3 (a) 
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FIG. 4 
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